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EXECUTIVE SUMMARY
YorktownPublicBeachis locatedonthesouthsideoftheYorkRiverin
Yorktown,Virginia. It ispartof a largerstretchofshorelineformtheu.s. Post
OfficeneartheColemanBridgeto Pointof Rocksin theColonialNationalHistorical
Park. In general,theshorelineis lowbutbackeq.byhighbluffs.Erosionof these
bluffsovertimehassuppliedmaterialforthebeachesalongtheYorkRiver.With
hardeningoftheupdriftshorelines,YorktownPublicBeachbegantonarrowandwas
easilyoverwashedin storms,floodingWaterStreetandjeopardizingthecommercial
establishmentsnearthewaterfront.
SeveralcoastalprojectshavetakenplaceatYorktown.A stonerevetmentwas
constructedalongtheshorelinein 1978.In 1986,asmallbreal<.Waterwasbuiltto
protecthestormseweroutfallpipe,andthebeachwasnourishedwith 10,000cubic
yardsofsand.As erosivewaveactioncontinuedtoremovesand,thebeachwas
replenishedin 1989.However,amorepermanentsolutionto thechronicerosionat
Yorktownwasneeded.In 1994,YorkCountyinstalledanoffshorebreal<.Water
systematthePublicBeach.In addition,11,000cubicyardsofsandwasplacedon
thebeach,andmarshgrasseswereplantedin theleeof thestructures.
Thepurposeof thisreportisto assesstheratesandpatternsofchangeatthe
publicbeachaswellasto assesstheperformanceof the1994YorktownWaterfront
ShorelineErosionControlproject.Fieldsurveydata,aerialphotos,waveclimate
analysisandcomputermodelingwereanalyzedforthisreport.RCPWAVE, awave
hydrodynamicmodeldevelopedbytheUS ArmyCorpsofEngineersandmodifiedat
VIMS, wasusedtomodelwavepatterns.
In general,sandmovesfromeasttowestalongtheYorktownshoreline.
However,duringnorthweststorms,therecanbeareversein thelittoraltransport
system.Thenetlong-termchangealongthepublicbeachshorelinewaserosionuntil
theinstallationof thebreal<.Waters.Nowtheshorelinebetweenthebathhouseand
ComtedeGrasseStreethasbeenstabilized.However,becausethisshorelineis so
low,overwashduringstormsiscommon.Eventhoughtheshorelinebetweentheu.S.
PostOfficeandthebathhouseisoccasionallysuppliedsandbylittoraldriftduring
northweststorms,it hasasevererosionproblemnowthatthesandthatonce
suppliedthisstretchofshorelineis lockedupbythebreal<.Waters.
PhaseII ofYorkCounty'sshorelineplanforYorktowniscurrentlyin the
designstage.It shouldaddresserosionproblemsalongthestretchof shoreline
betweentheu.S. PostOfficeandthebathhouse.We alsorecommendraisingthe
backshoreregionofthebeachseawardof thesidewall<.in ordertostopfloodingof
WaterStreet.
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I. INTRODUCTION
A. BackgroundandPurpose
TheYorktownPublicBeachis locatedonthesouthsideof theYorkRiver
withinthecommunityofYorktown,VA (Figure_I).Thepublicbeachextendsfrom
theu.s. PostOfficesoutheastforabout1900feet(579m)totheColonialNational
HistoricalPark(CNHP), butonlythefirst1350feet(411m)areconsidereda
recreationalbeach.Andersonetat.(1975)listanhistoricshorelinerosionrate
rangeingbetween0.7ft peryear(ft/yr)and1.6ft/yrforthestretchof shorelinefrom
theColemanBridgetoGoodwinNeck. ByrneandAnderson(1978)specify1.6ft/yr
for thePublicBeachandtheColonialNationalHistoricalPark.A widebeachexisted
atYorktownuntilthemid1970's.Overtheyears,thebeachesalongthewaterfront
begantonarrowasthenaturalsedimentsupplywasdepletedbyhardeningof the
updriftshorelineswithstructures,andthebeacheswereeasilyoverwashedin storms
andhadcontinuallyeroded.As aresultof severerosion,astonerevetmentwas
constructedfromthebeachtothebathhouseareainApril 1978.
TheYorktownPublicBeachissetwithinalongereachthatextendsfromthe
ColemanBridgeeastwardto ashorepointjustdownriverof thepicnicareaonCNHP
property.Thenetmovementofbeachsandsin thisreachisfromeasttowestin
responsetothepredominatenortheastex:posure.Beachsandswerehistorically
suppliedbyerosionof theuplandbanksadjacentto theCNHP picnicarea.However,
thisareawashardenedbyastonerevetmentin 1983followingtheOctober26, 1982
northeaster,thuscuttingoffthelastmajornaturalsupplyofsandtothereach.
>
On November4 and5, 1985,a severestormremovedalargeamountofsand
fromthepublicbeachandalsodestroyedthesidewalkalongthebackshore(Figure2A
and2B). A newrevetmentandsidewall,wassubsequentlybuiltin early1986,
utilizingtheemergencyfundfromthePublicBeachBoard.Beachfill wasadded,and
asmallstonebreal<.Waterwasinstalledthatservedtostabilizethestormdrainat
ComtedeGrassestreetaswellashelpsettheeasternedgeof thebeachfill (Figure
2C). ThestoneseawallalongWaterStreetwasalsorepairedatthistime.
Sincethe1986project,thebeachhassufferedchronicerosion,andthestone
revetmentwasintermittentlyexposed(Figure2D). A smallbeachnourishment
projectwasperformedin 1989,butthismaterialwassoonlosttoerosivewaveaction.
By 1994,thestonerevetmentwasconstantlyexposedforadistanceofabout300feet
upriverof thesmallbreal<.Water(Figure3A). Thisconditionresultedin the
developmentofplanstoemplaceadditionalbreal<.Watersandbeachfill.
1
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Figure1. Studysitelocation.
2
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Figure2A. 4 November1985. Nor'easter. Figure2B. 5 November1985.Post-storm.w
Figure2C. 15July 1986.Post-shore
construction.
Figure2D. 20September1989.Lossof
beachandexposedrevetment.
Figure3A. 4 March 1993. Criticalbeachloss.
,.I::.
Figure3C. 6 Septelnber1996. HurricaneFran.
Minor WaterStreetflooding.
Figure3B. 2 October1995.Oneyearafter
1994shoreprojectinstallation.
Figure3D. 6 Septelnber1996.Primary
breakwaterunderwaveattack.
In September1994,YorkCountyinstalledabreakwatersystemconsistingof
twoshore-attachedbreakwaters,140and120feet(43and37m)in length,coupled
with 7,500cubicyards(cy)(5740m3)ofbeachfill andplantingsofSpartina
alternifloraandS.patensin theleeof thestructures(Figure3B).Thepre-existingsmall
· breakwaterwasmodifiedto interfacewiththesystemonthedownstreamend;the
120foot (37 m) upstreambreakwaterwasdesi~edwith a fallingcrestelevationto
encouragewaverefraction;andawingedbreakwaterwasdesignedto achievea
reasonableinterfacewith theadjacentshoreandreducepotentialwaveforceimpacts
duringnortheasters.
The $260,000projectwasfundedbytheCountyofYork,theVirginia
DepartmentofTransportation,andtheVirginiaBoardonConservationof Public
Beaches.In May 1996,approximately600cy(460m3)ofsandwasdredgedfrom
undertheColemanBridgein orderto facilitatethebridgewideningprojectandwas
placedonYorktownBeach.TheYorktownBeachprojecthasweatherednumerous
stormsincludingHurricaneFran(Figure3C and3D) and,exceptforunavoidable
floodingofWaterStreet,hasremainedverymuchintact.
Thepurposeof thisreportisto assesstheratesandpatternsofbeachchangeat
YorktownPublicBeachinYorktown,Virginia. In addition,thosechangeswill be
relatedto thehydrodynamicforcesandIittoralprocessesoperatingin thestudyarea.
Performanceof the1994YorktownWaterfrontShorelineErosionControlprojectis
alsoevaluated.
B. Limits of the StudyArea
The~eaofdetailedanalyseswereconfinedtothe1350feet(411m)knownas
theYorktownPublicBeach.However,ananalysisof theentirereachfromthe
ColemanBridgetoPointofRocksin theColonialNationalHistoricalParkwas
requiredto ascertainthelittoralprocessesactingonthereach.
C. ApproachandMethodology
Fieldsurveydata,aerialphotosandcomputermodelingwereusedtoaddress
thestudiesobjectives.Dataanalyzedforthisreportincludeprofilesandsediment
samples.Theverticaldatumis meanlowwater(MLW). Historicandrecentaerial
imageswereevaluatedtomapchangesin shorelinepositions.
VIMS beganmonitoringthebeachatYorktownin thespringof 1985.
However,alatefallstormin 1985washedoutmuchofthebeachandVIMS's
5
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benchmarks.Thebaselinewasresetin 1986andslightlyalteredin September1993.
Datafrom1986andlaterwereadjustedtoreflectchangestothebaselineanddatum
so that olderdatacouldbecomparedto recentdata.In September1994two
additionalprofilelineswereadded,6.5 and8.5 (Figure4).
Figure5 givesapictorialdefinitionof the_profileterminologyusedin this
report.Nearshorevolumecalculationstal<.eintoaccountallthesandbelowMLW to
theendofeachprofile.ThesubaerialbeachoccursaboveMLW andis dividedinto
thebeachface(foreshore)andbackshoreregions.
ThehydrodynamicforcesactingalongtheYorktownshorereachwere
evaluatedusingRCPWAVE, acomputermodeldevelopedbytheU.S.ArmyCorpsof
Engineers(Ebersoletal.,1986).RCPWAVE isa linearwavepropagationmodel
designedforengineeringapplications.Thismodelcomputeschangesin wave
characteristicsthatresultnaturallyfromrefraction,shoaling,anddiffractionover
complexshorefacetopography.To thisfundamentallinear-theorybasedmodel,
oceanographersatVIMS haveaddedroutineswhichemployrecentlydeveloped
understandingsofwavebottomboundarylayersto estimatewaveenergydissipation
duetobottomfriction.ThereaderisreferredtoEbersoletat.(1986)andWrightet
al. (1987)forathoroughdiscussionofRCPWAVE, itsuse,andtheory.
Themodelwasrunusingmodalandstormincidentwaveconditions(wave
height,period,anddirection)whichweredeterminedfollowingproceduresoutlined
bytheU.S.ArmyCorpsofEngineers'ShoreProtectionManual(1977and1984).
Theseproceduresarebasedonwind/wavehindcastmethodsacrossfetch-limitedwater
bodieswhichweredevelopedbySverdrupandMonk (1947)andrevisedby
Bretshneid~r(1952,1958).The5MBmodelusedinthisstudywasfurthermodified
byKiley(1982)andisessentiallyashallowwater,estuarine,wind-waveprediction
model.Wind data,obtainedfromVirginiaPower'sYorktownStation,whichis 2.5
nm(4.6km)southeastofYorktownBeach,wereusedtodeveloptheincidentwave
conditionsforinputto theRCPWAVE program.
6
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Figure4.BasemapofYorktownBeachwithprofilelocations.
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Figure5. Beach profile demonstratingterminology usedin report.
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II. COASTAL SETTING
A. HydrodynamicProcesses
I. WaveClimate
ThewaveclimateatYorktownis affectedbybothlocalandbay-generated
waves,stormsurge,nearshorebathymetryandtidalcurrents.Localwavesare
generatedbywindevents.Fetchandwindspeedareprimaryfactorsaffectingwave
height,andbecauseof itslocationandorientation,thedominantwaveconditionsat
Yorktownshorelinewouldbeassociatedwithwindsblowingfromthenorthwest,
north,northeastandeast.EffectivefetchesatYorktownare3.8miles(NW), 2.4
miles(N), 3.7miles(NE) and6.9miles(E).
The localwinddrivenwavesplayanimportantrolein littoralprocessesat
Yorktown.However,thereisabaycomponentof thewaveclimatethatoccurs
duringnortheastersthatprovideevenlargerwavescominguptheYorkRiver.The
Chesapeal<.eBaywaveclimatewascharacterizedbyGoldsmith(1974)whouseda
linearwavetheorybasedrefractionanalysis.Figure6 isanexampleofnortheastand
northerlywinddrivenwaveorthogonalsusingawindspeedof25knots(13m/s).Of
notearethewavevectorsthatreachthemouthof theYorkRiver.Thewavevectors
essentiallyrefractintoandproceeduptheriver.Thefetchlimitedriverwave
interactswiththelongerperiodbaywave,andtheresultisanincidentwaveoff
Yorktownbearingbetween2600and2700truenorth(TN).
The}Vaveheightsassociatedwiththebaywavesgenerateduring"typical"
northeastersareontheorderof 1.0to 1.5meterswithaperiodof4.5to 6.0seconds.
WavedatafromtheVIMS wavedeploymentatWolftrap(BoonetaI., 1992)
capturedastormeventin December7 -10,1989withsignificantwaveheightsof 1.3
mwithwaveperiodsin excessof 5 secondstravelingsouthsouthwestdownthebay.
Thiswavewill refractatthemouthof theYorkRiver,travelupriverandreachan
offshorepositionatYorktownwithlittleattenuationduetherelativelydeepchannel.
ThenearshoreregionisalsoinfluencedbytheYorkRiverchannelthatruns
closeto theshoreline.Theaveragedistancetothe60foot(18m)contourfrom
Yorktownbeachis 500feet(152m);neartheU.S.PostOffice,thechannelcomes
closetotheshoreline.TheYorkRiverchannelexperiencesheavyusebycommercial
andmilitaryshipswhosewal<.eminimallyaffectthewaveclimateatYorktown.
SectionIII providesmoredetailof thelocalwaveclimatethroughhydrodynamic
modeling.
9
- -- - -
o
INPur WIND:AZ=45I VELCCITY=25 KTS
Figure 6.
0'"
3T
.;(i
00'
1
..,»
o
INPur WIND:AZ=O, VELCCITY=25KTS
Refractionof Bay-generatedwaves(afterRosen,1976).
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2. Tides
ThemeantidalrangeatYorktownBeachis2.4ft (73em)withaspringrange
of 2.9ft (88em)(Tidelog,1996).
3. StormSurge
Boonetai. (1978)statisticallydeterminedstormsurgefrequencyforboth
extratropicalndtropicalstormevents.In theYorktownarea,thestormsurgelevels
for 10year,50year,and100yeareventsare5.8ft (1.8m),6.6ft (2.0m),and7.1ft
(2.2m),respectively.ThesesurgelevelsareheightsaboveMLW. However,the
Corpsof Engineers(U.S.ArmyCorpsofEngineers,1993)reportedhighervaluesfor
thesamestormfrequencies.Thesestormsurgelevelsfor 10year,50year,and100
yeareventsare7.6ft (2.3m),9.0ft (2.7m),and9.7ft (3.0m),respectively.The
differencein surgelevelsisdueto themethodofcalculation.In actuality,storm
surgesatYorktownprobablyliesomewherebetweenthesetwopredictions.
B. PhysicalSetting
1. ShoreMorphology
Theshoremorphologyisdeterminedbylong-termimpactof theimpinging
waveclimateafterthewaveshavebeenalteredbythenearshorebathYmetry,tidal
currents,andcoastalstructures.Theorientationof thenaturalbeachesin thestudy
areacanprovideanindicationofdominantcoastalprocesses.A seriesofnatural
headlandsandpocketbeaches,referredtoastheYorktownBays,occurapproximately
2400feet(730m)downstreamofYorktownin theshorelinereachandupriverof
PointofRocks(Figure7). In 1937,thesepocketbeachesdidnotexistpersebut
evolvedoverthenext50years.As theheadlandsstartedtoerode,culturalresources
atColonialNationalHistoricalParkwereplacedin jeopardysotheheadlandswere
riprappedtoensuretheirstability.
Hardawayetai. (1991)documentthelong-termstabilityof thesebeaches
basedonreviewofhistoricaerialphotographyand3yearsofquarterlyandpost-
stormprofiles.Thetangentialsections(longlinearreach)of thesebeachesare
orientedtoward65°TN. Thisorientationis adirectindicationthatthedominant
directionof theonshorewaveapproachisfromthenortheast(Hardawayetai., 1991).
Priorto the1994shorelineprojectatYorktown,thetangentialbeachorientationson
eithersideof theexistingsmallbreakwatere..'Xhibitedsimilarorientations.
11
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Figure7. Historicalaerialphotosof studyareain 1937,1953,1963,
and1968.
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Historicalerosionof theheadlandsandlowbanksjustdownriverofYorktown
providedsandtotheadjacentbeaches.As theshorelineshavebeenprogressively
hardenedwithseawallsandrevetments,theynolongersupplybeachmaterial,andthe
beachesdiminishedalongtheYorktownwaterfrontforcingactionin theformof
beachnourishmentandbuildingbreal<waters.
-
Anotherimportantmorphologicfeatureof theprojectshorelineisthe
noticeableshiftin shorelineorientationthatoccursjustin frontof thebathhousearea
(Figure4). Thissubtlechangein theshorelinepositionprovidesanindicationthat
northwesterlywindsandcurrentactionin theriverdoexertsomecontrolsonthe
projectshoreline.
2. Sediments
In general,thesedimentsatYorktownbeachconsistofsandandgravel.The
siltandclaycontentin thesamplesis lessthanfivepercentandwillbedisregardedin
thisanalysis.Gravelwasasignificantportionofmanysamples,butthisfractionwas
notanalyzedintophiunits.AdditionalsedimentdataareavailableinAppendix1.
Sedimentsamplesweretal,enalong4 profilelines;theseprofilesare3, 7, 10
and13. Certainmorphologicpointsweresampledconsistentlyfromdateto date.
Thetopof rocl,(TOR) (priorto fill) andbaclcshore(BS)samplesrepresentthearea
of thebeachthatis influencedbyeoliantransportandrun-upfromoccasionalstorm
events.Sedimentswerealsotakenatthebaseof rock(BOR)(priorto fill),BERM,
lasthightide(LHT), midbeach(MB), TOE, andoffshore(OS). Thetoeof thebeach
is locateda}thebreal,in slopebetweenthebeachfaceandthenearshoreregion.It is
sometimesevidencedbyadistinctchangein sedimenttype.SeeFigure5 for
definition.
Thegrainsizedistributionofbeachsandgenerallyvariesacrosshoreand,to a
lesserdegree,alongshoreasafunctionof themodeofdeposition.Thecoarsestsand
particlesusuallyarefoundwherethebaclcwashmeetstheincomingswashin a zoneof
maximumturbulenceatthebaseof thesubaerialbeach;herethesandisabruptly
depositedcreatingasteportoe. Justoffshore,thesandbecomesfiner.Anotherarea
of coarseparticleaccumulationisthebermcrest,whichissometimescoincident"vith.
LHT, whererunupdepositsallgrainsizesastheswashmomentarilystopsbeforethe
bacl<washtarts.Theduneorbaclcshoregenerallycontainsthefinestparticles
becausedepositionhereis limitedbythewind'sabilityto entrainandmovesand
(Bascom,1959;Stauble tai., 1993).This istypicalofestuarinebeachesin the
ChesapeakeBay(Hardawayetal., 1991).
13
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ThesortingofsedimentscanbedescribedbytheInclusiveGraphicStandard
Deviation(Folk,1980).Thespreadof thegrainsizedistributionaboutthemean
definestheconceptofsorting.Well sortedsandswill haveafrequencydistribution
curvethatissharppeakedandnarrow;thismeansonlyafewsizeclassesarepresent
(FriedmanandSanders,1978).Poorlysortedsedimentsarerepresentedbymostsize
classesin thesample.
Figures8Aand8Bareplotsof themeangrainsizeandsortingof thesand
fractionof thesample.Profile10wasn'tsampledin 1988soit isnotshownonthe
plots. In 1988,twoyearsaftertheconstructionof thesmallbreakwaterand
nourishmentatYorktown,theTOE wasconsistentlythelocationofthecoarsest
material.LaterdateshowthateithertheTOE orMB werethecoarsest.
Figures9A through9D showtherangeof locationswherethesedimentdata
wastakenalongeachprofilelinesampledaswellasthemediansandsize.Thetop
bracl<.etsshowtherangein distancefromwheresamplesweretakenin September
1994andMay 1995.Thefeatureshownonthebottomarethelocationsbeforethe
fill inMay1994.Whilethe1988profilelineisshown,thesedimentsample
locationsarenotshownontheplots.Sincethebeachbecamecompartmentalized
afterthe1994project,longshoretrendsprobablydon'texist.However,acrosshore
trendsmaybeseenin thedata.Themediansandsizeis forthesandfractionof the
sampleonly. Generally,thedatafollowthemodelforsedimentsizedistribution
describedabovewiththefinestmaterialin thebacl<.Shoreandoffshore,butdueto
reducedbeachwidthandsubsequentfillsatthebeachaswellasthehighgravel
contentof thesamples,manyvariationsoccurin thedataasthebeachfillsundergo
sedimental}'distribution.
At profile3,theentirerangeof sampleshaveasmallermediansizein May
1995thaninAugust1988.Thiscouldbedueto usingfill materialthathadasmaller
grainsizethanthenativematerial.Cross-shoretrendsforbothprofiles3 and7
(Figures9Aand9B)indicatethatthemidbeachandTOE samplesarethecoarsest
samples,andthebackshoreandoffshoresamplesarethefinest.At profiles10and13
(Figures9C and9D),samplesweremorevariable.Profile10is locatedin thesmall
embaymentbetweenthesmallbreal<.\vaterandtheprimarybreal<.Watersothe
variabilitycouldbeexpectedsincesandiseasilyshiftedwithintheembayment
dependingonthewaveconditions.TheTOE atprofile13hadthelargestgrainsize
acrossthesample,butothermorphologicfeatureswerevariable.
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3. SedimentTransport
Wind/wavedataforthestudyareaindicatethatstrongnorthwesterlywinds
canhaveanimpactalongtheYorktownshorereach.Forthemostpart,theseevents
occurduringsubduedwaterlevelswheremostof thesedimenttransportisalongthe
beachface.Thenortheasterlyandeasterlywindsthatoccurduringelevatedwater
levelsareagreaterfactorin grosslittoraltransport.Thenortheastwindscancreate
tremendouswaveactionin ChesapeakeBayproper,aswellasoverthelocalfetch.
Yorktownis certainlyinfluencedbywaveattackgeneratedwithintheBayduring
strongnortheasters.As previouslystated,thesewavesenterthemouthof theYork
Riverandapproachtheshorelinewithrelativelylowattenuationuntilreaching
shallownearshoredepths.Brealdngwaveheightsin excessof 3 ft (0.9m)havebeen
observedattheprojectsiteduringstrongnortheasters.
Alongmuchof thesouthsideof theYorkRiver,thefastlandisabluff
composedof stratifiedgravel,sand,siltandclay(USCOE, 1989).Wavesundercut
thecliffcausingfacematerialtoslump.Waveactionremovesthesiltsandclays
leavingsandandgravelto formabeach.Subsequentwaveactionmovesthesand
alongshoreoroffshore.GenerallysandmovesfromeasttowestalongtheYork
Countyshoreline;however,asdescribedabove,northwesterlystormstendtoerode
sedimentfromthecliffsupriverofYorktownPublicBeach.Thesandthenmoves
aroundtheheadland,undertheColemanBridgeandontothepublicbeach. Sand
movedoffshoreis lostto theYorkRiverchannelwhichcomesin closetothepublic
beachshoreline.
,.
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III. RCPWAVE
A detailed iscussionofwaveprocesses,edimenttransport,andnumerical
modelingisbeyondthescopeof thisreport;theinterestedreadercanreferto
AppendixII fora listingofpertinentreferences.In ordertoevaluatethewaveclimate
atYorktownPublicBeach,RCPWAVE wasemE-loyed.TheuseofRCPWAVE to
modelthehydrodynamicsatYorktownassumesthatonlytheoffshorebathymetry
affectswavetransformation;theapplicationdoesnotincludetheeffectsof tidal
currents.Duetoprogramlimitations,twogrids(Figure10)of thestudyregionwere
digitizedfromabathymetricmapin ordertocharacterizetheeastandnortheastas
wellasthenorthwestconditions.Grid 1wasusedfortheeastandnortheast
conditionswhileGrid2 accommodatesthenorthwestconditionsaffectingthe
Yorktownshoreline.Thewavesimpingingtheshorelinewerepredictedbythe
followingprocess,developedandusedduringapreviousprojects(Hardawayetal.,
1991;Hardawayetal.,1993;Milliganetal., 1995):
1. Determineffectivefetchforthreedirections.Thiswasaccomplished
usingproceduresoutlinedin theU.S.ArmyCorpsofEngineersShoreProtection
Manual(1977)forGrid 1,eastandnortheastdirections,andGrid2,northwest,from
themidpointof theriverwardextentof thegrid.
2. Usetheabovedataasinputinto5MB programwhichprovideswave
height,period,andlengthforasuiteofwindspeeds.In thiscase,windspeedsof 11
to 100mph(5to45m/sec)wereusedatapproximately9mph(4m/sec)increments.
Specifiedsurgesrangedfrom2 to9 feet(0.6to2.7m). Theresultsof thisstepare
usedto createdatafilesofwindspeedswithassociatedwaveheightsandperiodsfor,.
the threesubjectdirections.
3. Wind datafor5years,1985-1990,alongwiththedatafilefromstep2,
aretheinputto theprogramWINDOW (Suh,1990).WINDOW takesthedatafile
fromstep2 andassociatesthewaveheightsandperiodswithwindspeedand
directionfromeachof thesubjectdirectionsforeachyeartoproduceanotherdata
fileofhindcastwaveheights,periods,anddirectionsthroughaseriesofvector-
averagingsteps.Thelimitingcriterionisthatthewindmustbeblowingfromwithin
theassignedirectionalwindowforatleastninehours.In otherwords,winds
recordedattheVirginiaPower'sYorktownStationmustblowfrom,forexample,45°
and135°TN, fornineormorehoursto qualifyfortheeastdirectionalwindow
analysis.Thenortheasterlydirectionalwindowanalysisincludedwindsfrom0°to
90°TN. Thenorthwesterlydirectionalwindowanalysisincludedwindsfrom300°-
10°TN.
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Figure10. BathymetricgridlocationsforrunningRCPWAVE model.
4. Theresultof step3 arefilesforeachyeargivingdate,hourbeginning,
waveheight,waveperiod,localwavedirection,anddurationofeachqualifyingevent.
Thesedataaremeanweightedtoprovideaweightedmeanforwaveheight,period
anddirectionwithdurationastheindependentvariableforeachyear.
5. Theresultsofstep4weremean-averagedforeachyeartoproducetwo
average,ormodal,waveparametersforthedirectionalwindow.Theseresultswere
usedasinputintoRCPWAVE. Themodalconditionswererunin RCPWAVE at
MHW.
6. Threeknownstormswereidentifiedduringtheextentof thewind
analysis:4 November1985,13April 1988,and8-9March1989.Thewindspeeds
anddirectionsforeachstormeventwerepulledfromthedataandthemaximum
conditionswerenoted.Themaximumwindspeedwascomparedmanuallyto the
datafilecreatedin step2 ratherthanusingtheWINDOW programdescribedin step
3. Thewaveparametersobtainedforeacheventwereusedasstorminputto
RCPWAVE. Sincethestormswerenortheasters,theywererunonGrid 1.
7. TidedataforthesamestormperiodswereobtainedfromVIMS's
archive,andthemaximumheighthetidereacheduringthestormwasusedasthe
surgeforRCPWAVE input.Thefourmodalconditionsandthreestormconditions
inputintoRCPWAVE arelistedinTableI.
TableI. Modaland di.. for RCPW AVE
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Run Figure Height Period Direction Surge Duration
Number (m) (sees) (o-rN) (m) (hrs)
Grid I, Modal,NE 1 lIA 0.75 3.14 212 0.7 19
Grid I, Modal,NE 2 lIB 0.48 2.60 234 0.7 17
Grid 1,Modal,E 1 lIC 0.47 2.59 255 0.7 17
Grid 1,Modal,E 2 lID 0.45 2.55 284 0.7 17
Grid2,Modal,NW 1 12A 0.77 3.15 146 0.7 15
Grid2,Modal,NW 2 12B 0.64 2.92 167 0.7 16
Storm- Nov 1985 13A 1.39 4.23 261 1.9 NA
Storm-Apr 1988 13B 1.50 4.34 244 1.9 NA
Storm- Mar 1989 13C 1.39 4.23 241 1.7 NA
RCPWAVE takesanincidentwaveconditionattheseawardboundaryof the
gridandallowsit topropagateshorewardacrossthenearshorebathymetry.Frictional
dissipationduetobottomroughnessi accountedforin thisanalysisandis relativein
partto themeansandsize.Wavesalsotendtobecomesmallerovershallower
bathymetryandremainlargeroverdeeperbathymetry.In general,wavesbreal,when
theratioofwaveheightowaterdepthequalsO?8 (Komar,1976).
Uponenteringshallowwater,wavesaresubjectorefraction,inwhichthe
directionofwavetravelchangeswithdecreasingdepthofwaterin suchawaythat
wavecreststendtobecomeparallelto thedepthcontours.Irregularbottom
topographycancausewavestoberefractedin acomple.xwayandproducevariations
in thewaveheightandenergyalongthecoast(Komar,1976).
Theresultsofthemodelingefforts,indicatethattheprojectshorelineis subject
to slightlyobliquebreakingwaveduringnortheasterlystormevents.This findingis
consistentwiththegeomorphicexpressionof thepocketbeachesin thevicinity,
whichtendtoexhibitoffsetsorientedtowardthenorth-northeast.
FigureIIA throughII D showsthe4 modalconditionsrunonGrid I hindcast
for thisshorelinereach.FiguresIIA andII B showwind-generatedwaveconditions
fromapproximatelythenortheast.FiguresII C andII D showapproximatelythe
wavescomingfromtheeast.All fourconditionshaveverylittleattenuationofwaves
bythebathymetry.Incomingwavesaregenerallynotinfluencedbythenearshore
regionwithverylittlereductioninwaveheightorwaverefraction.Wavescomingup
theriver(FigureliD) doexperiencesomeattenuationandrefractionjustupriverof
thelargeheadlandnorthwestofPointof Rocks.However,mostincidentwaves
approachdieshorelineataslightangle.
Figure12Aand12BshowsthenorthwestmodalconditionsrunonGrid2. In
general,thesewavesundergomuchmoreattenuationandrefractionthanthe
northeastandeastmodalconditions.Upriverof theU.S.PostOffice,however,the
wavesapproachtheshorelineatanangletendingtodrivesedimentdownriver
towardsthePublicBeach.AlongthePublicBeachandtheCNHP wavesgenerally
breal,parallelto theshoreline.
Figure13Athrough13Careplotsof thestormconditionsrunonGrid I.
Figure13AarethemaximumconditionsduringtheNovember1985storm;Figure
13BaremaximumconditionsfortheApril 1988storm;andFigure13Care
maximumconditionsfortheMarch1989storm.In general,forallthreestormsthere
wasverylittlewaveattenuation.However,closeto theshoreline,therewassome
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D.) Wavetrajectoryplotunderstormconditions.
o
waverefractionparticularlyneartheheadlandupriverofPointofRocks.Figure13D
is awavetrajectoryplotindicatingthedistributionofenergyacrossashoreline.
Generally,therewasnoconcentrationofwaveenergyalongapartlcularstretchof
shorelineunderconditionslikethoseof theNovember1985storm.
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IV. BEACH CHARACTERISTICS
A. BeachProfilesandtheirVariability
Sixteenprofilelines(Figure4)wereestablishedatYorktownPublicBeachto
documentchangesalongtheshoreline.Onlyfot]Iteenprofilelineswerepartof the
originalbaseline;twoprofiles,6.5and8.5,wereaddedafterthe1994brealcwaterand
beachfill projectin orderto bettermonitorchanges.Profiles1through4 arelocated
in frontof theparkinglotandbathhouse.Thebaselineshiftsbackbetweenprofiles4
and5. Profiles5 through10arelocatedonthesidewalknexttoWaterStreet.
Profiles12through14includetheseawall.
Figure14,A throughH, areplotsofprofiledatashowingthebeachatfive
significantdates.15August1988isapproximatelytwoyearsaftertheearlier
nourishmentproject.5 October1993and4 May 1994arepriorto the1994
brealcwaterandfill project.2 September1994wastalcenjustaftertheprojectwas
completed,and13May 1996showstheshorelineatthelatestprofiledate.
AdditionalprofiledataareshowninAppendixIII.
Profile2 (Figure14A)isrepresentativeofprofiles1to4. Since1988,this
unprotectedsectionof thebeachhasreceded,particularlyin thelasttwoyears.The
brealcwatersarecapturingsandtravelingupriverthatpreviouslypassedthroughthe
beachtotheseprofiles.Thesignificantamountoferosionatprofiles5 through9
(Figure14B,14C,14D,14£)betweenAugust1988andMay 1994wastheimpetus
forthebrealcwaterandfill project.Aftertheproject,profiles5 and7,oneitherside
of thewesternmostbrealcwater,haveerodedsomewhatastheshorelineadjustedto
thepredict~dpoclcetbeachplanform.Profiles6 and9 (Figure14Cand14£)show
thepositionof thetwobrealcwatersconstructedin 1994.Sincetheproject,the
regionsbehindthebrealcwatershaveaccretedcreatingasubaeriallyattachedtombolo.
Profiles10and11(Figure14Fand14G)hadonlyslighterosionbetween1988
andMay 1994.This isduetothesmallbrealcwaterinstalledatprofile11in 1986.
Sincethefill project,thesubaerialbeachatprofile10hasaccretedasubstantial
amount.Thesubaerialtomboloatprofile11hasaccretedsomewhatsincethe 1994
project.Profile14(Figure14H),whichis locatedontheseawallandisrepresentative
of profiles12and13,hasbeenaccretingsince1988.Thesmallbrealcwateris
accumulatingsandthatthelittoraltransponsystemismovingupriver.
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B. Variability in ShorelinePosition
ThepositionofMHW canbeusedtodemonstratechangesin thebeachshape
overtime.Figure15showsthedistanceto MHW fromthebaselineforeachprofile
line. Theapproximatepositionofthebreakwatersareshown.Thebeachfill in 1989
wasnotmonitored.Thenetaveragerateofchangemeasuresthechangein distance
to MHW betweentwodates.In general,profiles1through4 havebeeneroding
since1986.BetweenJune1986andMay 1994,profiles1through4 hadanet
averagerosionrateof 1.9ft/yr(0.6m/yr).However,sincetheprojectwasinstalled
in 1994,thesesameprofileshavelostdistancetoMHW atanetaveragerateof 8.1
ft/yr(2.5m/yr). Profiles1and2 seemto beerodingmorethanprofiles3 and4.
Profiles5 through10lostanaverageof34feet(10.4m)betweenJune1986
andMay 1994,creatinganetaveragerosionrateof4.2ft/yr(1.3m/yr).Placement
of renourishmentmaterialalongtheseprofileswasvariable;profile5 showedan
additional22feet(6.7m)distanceto MHW whileprofile6gained106feet(32m).
Overall,profiles5 through10gainedanaverageof52feet(16m)distanceto MHW
betweenMayandSeptember1994.Thissamesectionof thebeachhashadavaried
responsetothefillmaterial.BetweenSeptember1994andMay1996,profiles5and
8 lost1and13feet,respectively(0.3and4 m)distancetoMHW whileprofile9
gained86feet(26.2m). Thebeachis adjustingintothepredictedplanformfor
pocketbeaches.
Profile11hashadverylittlenetchangebetween1986,afterthesmall
brealcwaterwasinstalled,and1996.ThedistancetoMHW hasonlychangedby-2
feet(0.6m). Profiles12through14,ontheotherhand,areaccreting.Between
1986and(996,theseprofileshavegainedanaverageof 19feet(5.8m)distanceto
MHW, creatinganetaverageaccretionrateof 1.9ft/yr(0.6m/yr).
C. BeachandNearshoreVolumeChanges
Theamountofmaterialeitherlostorgainedalongtheshorezonecanbe
measuredbychangesin areaandconvertedtovolumesalongaprofilelineor in a
shorecell. Subaerialbeachvolumecalculationsextendfromthebaselineto MLW
whereasnearshorecalculationsextendriverwardfromMLW. Shorecellsaredefined
bytwoprofilelinessothecalculationsforeachcellareanaverageofthepropertiesof
theprofilelinesdefiningthecell.Cell 1isbetweenprofiles1and2, cell2 occurs
betweenprofiles2 and3,andsoon. Profiles6.5and8.5aredisregardedin this
analysisincetheyhaveonlybeenprofiledsinceSeptember1994.
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Figure16showstheresponseof thesubaerialbeachin cy/ftforthesmall
breakwaterandfill projectin 1986(Figure16A)andthe1994ShorelineErosion
ControlProject(Figure16B). BetweenJune1986andFebruary1987,theshoreline
frontingthesidewalk.alongWaterStreetwasthehardesthit. In particular,cells8
and9,profiles8 through10,lostabout5.5cy/ft(14m3/m).Cells1and2 alsohad
substantialerosionduringthistimeperiod,butcell13actuallyaccreted.Between
February1987andAugust1988,theshorein fiontof thesidewall,wasagainthe
hardesthit byerosion.Cells1through3 actuallyaccretedasdidcell12,whichis just
updriftof thesmallbreal(Water.
Figure16Bdemonstratesvolumechangesafterthe1994project.Immediately
followingtheproject,betweenSeptember1994andMay 1995,mostof theshore
cellsaccretedalongthesectionofbeachin frontof thesidewall,nexttoWaterStreet.
Cell 7,whichisdefinedbyprofiles7 and8,showedanetlossastheshoreline
adjustedto thebreakwaterandfill project.Cells1through4 showedanetlossin
volumebetweenbothSeptember1994-May1995andMay 1995-December1995.
BetweenDecember1995-May1996,cells2 through11showedanetgaininvolume.
The prioranalysesonlydescribednetchangesbetweenSeptember1994andMay
1996,butadetailedanalysisofcells2 through4 actuallyshowedagainin volume
betweenDecember1995andMay 1996atthesamecellspreviouslydescribedas
erosional.Thisgaininvolumeisprobablyduetoaseasonalcomponentof thelittoral
transportsystem.NorthwesterliesmovesandundertheColemanBridgetoprofiles1
through5wherethesandaccumulatesupdriftof thewingedbreal(Water.
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v. ShoreProject:1994
TheYorktownWaterfrontShoreErosionControlandBeachRestorationPlan
(VHB, 1993)detailsthedesignprocessesthatledtotheshoreerosioncontrolproject
thatwasfinallyinstalledin thesummerof 1994.Theinitialconceptwasdeveloped
in 1988\1989byYorkCountypersonnelwithiI}putfromVIMS. Basically,asystem
of breal~atersandbeachweredesiredtocreateastableandprotectiverecreational
beachalongtheYorktownwaterfront.Thebeachdesignfortheprojectwas
developedwithVIMS ShorelineStudiesundercontractfromVanesseHanginand
Brustlin(VHB) toestablishthelocalwaveclimateanditsrelationshiptoexpected
beachplanformconfiguration.
In evaluatingdesignalternatives,thebeachplanformsof thepocketbeachwas
calculatedusingproceduresdevelopedbyHsuetai.1989(Figure17).Byusinga
waveapproachangleof 65°TN (bearing245°TN), fromwaveanalysis,acrossthe
downriverendoftheupriverbreal~ater,themaximumindentationof thespiral
portionof thebeachplanform,valuesofRo,beta,thetaandRlRoweredetermined.
Whenplottedout,thegeneralplanformiscreated.Thiscomputationalmethodis
mostappropriatelyappliedonbreal~atersystemsthathaveagapgreaterthantwo
timesthesignificantwavelength.
Thefinaldesignisshownin Figure18. Theexistingsmallbreal~ateris leftin
itspresentlocation,thereby,eliminatingtheneedtoextendthestormsewerand
encroachtowardsubmergedculturalresources(Le.shipwrecks).Theexistingsmall
breal~aterwasextendedupriverandangledoffshoretomovethediffractionpoint
outandbripgthestructurein linewiththedownriverendof thenewlarge
breal~ater.Thelargestraightbreal~ateris angledto addressthenortheast
componentandmovetheupstreamdiffractionpointoffshoreto insurestabilityof the
primaryembayment.Thetangentialsectionof theprimarybaymimicsthe
orientationof theexistingpocketbeachesjustdownriveroftheproject.Thesepocket
beachesfacebetween60°and70°TN (bearing240°and250°TN). Thesmall
embaymentbetweenthelargebreal~aterandtheexistingsmallbreal~ateris
symmetricalndverystableduetothesmallgap.
Severalfeaturesof theupstreambrealcwater(nearthebathhouse)are
noteworthy.As shownin Figure18,thestructureisangularto addressthedominant
waveconditionsatthesite.Thedownstreamendof thestructurehasbeenangledto
thenortheastto insurestabilityof theprimaryembayment.Undersediment
transportconditionsgeneratedbyeasterlyornortheasterlywaves,sedimentwill perch
onthedownstreamsideof thestructure,withoutbypassingaroundtheend,or
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Figur~18. YorktownBeach1994ShorelineErosionControlprojectfinaldesign.
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movingoffshore.This retainsthesandwithintheprimaryembayment,maintaininga
reserveforshorelineshiftsforcedbynorthwesterlywaves.Thelongtermgoalis to
maintainasubstantialbeachbermwitharelativelyhighbackshorelevationof +6 ft
MLW (VHB, 1993).
Theother(upstreamside)sideof theups!I'eambreakwaterwasangledintothe
northwestdirection.Thiswill allowabeachtoperchontheupstreamsideof the
structureduringnorthwesterlywind/wavevents.Thisperchedbeachwill providea
sandreservefortransportundernortheasterlywaveconditions.In addition,thecrest
elevationof thebreakwaterhasbeendroppedontheupstreamendtopreventotal
wavediffraction'understrongnortheasterlystormeventsthatoccuratsuper-elevated
tides.The intentwastoreducestormimpactsontheupstreamshoreline,fromthe
bathhousetothePostOffice,byallowingapproachingwavestomoresubtlyrefract,
ratherthandiffractatthebreakwater.It mustbenotedthatthisprojectwasafirst
phaseofamorecomprehensiveplanthatincludesalargepierextendingdownriverof
thePostOfficewharf.Thispierwill haveitsownmodifyingimpactoYorktown
Beach.
Theperformanceof the1994shorelineprojectismeasuredin thestabilityof
theprimaryembayment.Figure19Ashowstheprojectshortlyafterinstallationalong
withmodel(RCPWAVE) wavevectorsandcorrespondingpredictedbeachplanforms
forstormandseasonalconditions.Thefieldwavevectorispredictedfromtheshape
of thebeachatthattimeandfitsverywellwiththemodelpredictions.Themodel
stormconditionis fora +5ft MLW surgeacrossthebackshorewhichalsofitswell
withbeachplanformperformanceovertime(Figure19Band19C). Figure19Calso
showstheadditionof 600cy(460m3)ofsandalongtheshorelineof theprimary
bay. ThesandwasobtainedfromtheColemanBridgeconstruction.
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VI. SUMMARY AND CONCLUSIONS
TheYorktownPublicBeachhashadarecenthistoryofsevererosion,
propertydamageandbeachloss.Openfetchexposureto theeastandnortheast
resultsin arelativelyseverewaveclimatebyChesapeakeBaystandards.The 1986
beachproject,whichwastheresultofdamagefrDmtheNovember1985storm,
restoredthebeachandprovidedaveryusableandcleanbeachareaforthecitizensof
York Countyandthesurroundingarea.As thatbeacherodedaway,thedefensive
revetmentperformedasdesignedtomaintainuplandprotection.
The 1994beachprojectwasinstalledtorestorethebeachagainbutwithtwo
largebreakwaterstomaintainthebeachnourishmentelement.Thisproject,PhaseI
of anoverallshorelineplanbyYorkCounty,hasperformedverywellandthebeach
planformof theprimaryembaYmentresidesin thepredictedconfiguration.The
floodingofWaterStreetisstillaproblem,buttherearenowavesbreakingonthe
road,aswitnessedin previoustorms,duetotheprotectivebeachandbreakwater
system.
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VII. RECOMMENDATIONS
PhaseII ofYorkCounty'shorelineplanforYorktownis currentlyin the
designstage.Ourrecommendationsto thateffortincludeaddressinglongtenn
stabilityof thebeachareafromthePostOfficeto thebathhouse.Thepreliminary
shorelineplanindicatesconstructionofa largepiertoaccommodatecruiseships.
This pierwill acttoattenuatewaveactionagainsthatsectionofbeachandmaybeall
thatis requiredforstability.If thepierisnotbuiltornotbuiltin thenearfuture,
otheroptionsshouldbeinvestigated.Thismayincludeplacingaspurand/or
breakwaterjustoffshorein ordertoreducesedimentmovement.Theadditionof
beachfill to thatscenariois alsorecommended.
WaterStreetisstillfloodedundermoderatestonnattacl<.Thebackshore
shouldberaisedalongthatsectionofbeachwhichisaboutthemiddleof theprimary
embayment.Thisapproachwassuggestedpreviouslyandispartof thePhaseII
design.A concrete"bacl<stop"canbeplacedjustseawardof thee."<istingsidewalkto
allowthebacl<shoretoresideagainstatahigherelevation.Thiswouldreduce
floodingandkeepbeachsandfrombeingwashedontoWaterStreet.
44
VIII. REFERENCES
Anderson,G.L.,G.B.Williams,M.H. Peoples,P.Rosen,andC.H. Hobbs,III, 1975.
ShorelineSituationReport,YorkCounry,Virginia.SRAMSOENo. 82. Virginia
InstituteofMarineScience,CollegeofWilliamandMary,GloucesterPoint,
Virginia,62pp.
Bascom,W.N., 1959.Therelationshipbetweensandsizeandbeachfaceslope.Am.
Geophys.UnionTransactions32(6):866-874.
Boon,J.D., C.S.Welch,H.S.Chen,RJ. Lukens,C.S.Fang,andJ.M. Zeigler,1978.
A StormSurgeModelStudy,Vol.1. StormSurgeHeight-Frequen0'Ana!ysisand
ModelPredictionforChesapeakeBay. SRAMSOENo. 189.VirginiaInstituteof
MarineScience,CollegeofWilliamandMary,GloucesterPoint,Virginia,149
pp +app.
Boon,J.D., D.A. Hepworth,andF.H. Farmer,1992.ChesapeakeBayWaveClimate,
Wolf TrapWaveStation.DataReportNo. 42. VirginiaInstituteofMarine
Science,CollegeofWilliamandMary,GloucesterPoint,VA, 30pp.+app.
Bretschneider,C.L., 1952.Thegenerationanddecayofwindwavesin deepwater.
TransactionsoftheAmericanGeophysicalUnion,33: 381-389.
Bretschneider,C.L., 1958.Revisionsinwaveforecasting:Deepandshallowwater.
ProceedingsSixthConf.onCoastalEngineering,ASCE,CouncilonWave .
Rese;arch.
BYrne,RJ. andG.L.Anderson,1978.ShorelineErosioninTidewaterVirginia.
SRAMSOENo. Ill. VirginiaInstituteofMarineScience,CollegeofWilliam
andMary,GloucesterPoint,Virginia,102pp.
Ebersole,B.A.,M.A. Cialone,andM.D. Prater,1986.RCPWAVB -A LinearWave
PropagationModelforEngineeringUse. CERC-86-4,U.S.ArmyCorpsof
EngineersReport,260pp.
FoIl" RL., 1980.Petrologyof SedimentaryRocks.HemphillPublishingCo.,Austin
TX, 182pp.
Friedman,G.M. andJ.E. Sanders,1978.Principlesof Sedimentology.JohnWiley
andSons,NewYork,792pp.
45
Hardaway,C.S.,Jr., G.R.Thomas,andJ.H. Li, 1991.ChesapeakeBt!J'ShorelineStudies:
HeadlandBreakwatersandPocketBeachesforShorelineErosionControl.SRAMSOE
No. 313,VirginiaInstituteofMarineScience,CollegeofWilliamandMary,
GloucesterPoint,VA, 153pp.
Hardaway,C.S.,Jr., DA. MilliganandG.R.Thomas,1993.PublicBeachAssessment
Report:CapeCharlesBeach,TownofCapeCharles,Virginia.TechnicalReport.
VirginiaInstituteofMarineScience,CollegeofWilliamandMary,Gloucester
Point,VA, 42pp.+app.
HsuJ.R.C.,R. SilvesterandY.M. Xia, 1989.Generalitiesonstaticequilibriumbays.
CoastalEngineering,12:353-369.
Kiley,K., 1982.Estimatesofbottomwatervdocitiesassociatedwithgalewind
generatedwavesin theJamesRiver,Virginia.VirginiaInstituteofMarine
Science,SchoolofMarineScience,CollegeofWilliamandMary,Gloucester
Point,VA
Komar,P.D., 1976.BeachProcessesandSedimentation.Prentice-Hall,Inc.,Englewood
Cliffs, NJ, 429 pp.
Milligan,D.A.,C.S.Hardaway,Jr., andG.R.Thomas,1995.PublicBeachAssessment
Report:HuntingtonParkBeach,AndersonParkBeach,andKing-LincolnParkBeach,
CiryofNewportNews,Virginia.TechnicalReport,VirginiaInstituteof Marine
Science,CollegeofWilliamandMary,GloucesterPoint,VA, 60pp.+app.
Rosen,P.S::1976.TheMorphologyandProcessesoftheVirginiaChesapeakeBt!J'Shoreline.
UnpublishedDissertation.VirginiaInstituteofMarineScience,Collegeof
WilliamandMary,GloucesterPoint,VA.
Stauble,D.K.,A.W. Garcia,N.C. Kraus,W.G. Grosskopf,andG.P.Bass,1993.
BeachNourishmentProjectResponseandDesignEvaluation: OceanCiry, Maryland.
TechnicalReportCERC-93-13,CoastalEngineeringResearchCenter,U.S.
ArmyCorpsofEngineersWaterwaysExperimentStation,Vicksburg,MS.
SOO,K.D, 1990.WINDOW Program.VirginiaInstituteofMarineScience,College
ofWilliamandMary,GloucesterPoint,Virginia.
Sverdrup,H.U. andW.H. Munk, 1947.Wind sea,andswell:Theoryof rdationsfor
forecasting.U.S.NavyHydrographicOfficePubl.No. 601.
46
Tidelog,1996.ChesapeakeTidewater.PacificPublishers,Bolinas,CA.
u.s. AnnyCorpsofEngineers,1977.ShoreProtectionManual.CoastalEngineering
ResearchCenter,FortBelvoir,Virginia.
u.s. Anny CorpsofEngineers,1984.ShoreProtectionManual.U.S.Government
PrintingOffice,Washington,D.C. -
u.s. AnnyCorpsofEngineers,1989.YorktownBeach,Yorktown,Virginia.Draft
Section933EvaluationReport.Norfolk.District,20pp.+app.
u.s. Anny Corpsof Engineers,1993. ShorelineErosionStu4J7.FortEustis,Virginia.
Norfolk District.
VHB, 1993.YorktownWaterfrontShoreErosionControlandBeachRestorationPlan,
Yorktown,Virginia.PennitSupportDocument,VanasseHangenBrustlin,Inc.,
GloucesterCounty,Virginia.24pp+app.
Wright,L.D.,C.S.IGm,C.S.Hardaway,Jr., S.M. IGmball,andM.O. Green,1987.
ShorefaceandBeachDynamicsof theCoastalRegionfrom CapeHenry toFalseCape,
Virginia.TechnicalReport,VirginiaInstituteofMarineScience,Collegeof
WilliamandMary,GloucesterPoint,Virginia,116pp.
47
-- -
APPENDIX I
YorktownPublic BeachSedimentData
- - - - - ---
~orktown I ~ II I ISamDleAnalvSISate Number ocation11%aravelI%sand I%silt %clav I%mua ean IMean
(chI) (mm)
15Au~19881-1__BO~ _11-6~.4_~.1.0 0.0 1.0 0.64030.6416
15Aug19881-2 BERM 3.2 96.2 ""0.6 0.0 0.6 0.7182 0.6079
15Au~19881-3 LHT 8.3 91.1 0.6 0.0 0.6 1.0482 0.4836
15Au~19881-4 19.3 79.9 0.8 0.0 0.8 0.5087 0.7029
15Aua19881-5 as 34.3 64.8 0.9 0.0 0.9 0.7706 0.5862
15Aua19883-1 20.5 79.0 0.5 0.0 0.5 0.6271 0.6475
15Aua19883-2 10.6 88.8 0.6 0.0 0.6 0.8799 0.5434
15Au~19883-3 LHT 2.6 96.7 0.7 0.0 0.7 0.9322 0.5241
15Aua19883-4 MB 12.9 86.0 1.0 0.0 1.0 0.3205 0.8008
15Au~19883-5 as 51.5 47.4 1.1 0.0 1.1 0.7385 0.5994
1§.Aug19885-1 34.0 64.8 1.2 0.0 1.2 0.8133 0.5691
l~tAug198!}5-~_ .. _._ _10.5 _ 89.0__ 0.5_ 0.0__n__.J:!&-.!M77g. 0.5445
15AugJ~!}!}§~ _ 1.8 .~7.4 ___~!} ~,g QJ! ~?g 0.4707
1§Aug1~~~-~ _ _;t~ __95.3__ q~,g__ __ U -.1!~691g.0.6194
15Aua19885-5 2.7 95.6 1.7 0.0 1.7 1.0693 0.4766
15Aug1~!}~H _ ___ _._16~ ..!}g:.1__ 0.8 0.0 _ __ 0.8 -.1!.8558 _ 0.5526
1§Aug1~!}~?:L _ _. ~Q,~ _69.0__0.7 0.0 ~I ---1~21g_ 0.4597
15Aug198!}?:~ _____1~,g~2,Q __ 0.8 0.0 _~!}__1.J00? 0.4663
15Aug1~!}!}.7-4_ _ _~ 84.~_.!,g_M 1.2 0.47790.7180
15Aua19887-5 16.2 81.6 2.2 0.0 2.2 1.1094 0.4635
15Aua19889-1 5.8 92.3 2.0 0.0 2.0 0.9458 0.5191
15Aua19889-2 4.6 94.1 1.3 0.0 1.3 0.8460 0.5563
15Au~19889-3 20.7 78.4 0.9 0.0 0.9 0.3758 0.7707
15Augj98!}9-4 62.2 36.1 1.6 0.0 1.6 0.9717 0.5099
15Aug19889-5 9.2 87.7 3.1 0.0 3.1 1.3604 0.3895
15Aug198811-1 10.2 88.1 1.7 0.0 1.7 0.9249 0.5267
15Aug198811-2 22.5 76.0 1.5 0.0 1.5 0.7710 0.5860
15Aua198811-3 BBW 22.3 76.4 1.3 0.0 1.3 0.3545 0.7821
15Aua198813-1 10.2 89.1 0.7 0.0 0.7 1.0781 0.4737
15Aug198813-2 0.9 98.0 1.1 0.0 1.1 1.9023 0.2675
15Augj~8813-3 ..___ _g1.4 _. 77.4 1.2 0.0 __1.2 0.7762 0.5839
15Aua198813-4 18.3 80.6 1.1 0.0 1.1 0.4860 0.7140
15AUQ198813-5 25.8 71.4 2.9 0.0 2.9 1.5124 0.3505
rASAresul~Sand"fanion
IMedian ~edian ISortln~
(chI) (mm) (PhI)
0.6590 0.6333 0.5748
0.7695 0.5866 0.5697
1.1000 0.4665 0.5355
0.5656 0.6757 0.5744
0.8391 0.5590 0.7120
0.6850 0.6220 0.7185
0.9465 0.5189 0.6915
1.0065 0.4978 0.6021
0.2789 0.8242 0.6088
0.8137 0.5689 0.7270
0.8673 0.5482 0.6728
0.9123 0.5313 0.6233
1.0986 0.4670 0.4911
0.7209 0.6067 0.5544
1.0662 0.4776 0.6800
0.9382 0.5219 0.6636
U 387 0.4542 0.6942
.1.1068 0.4643 0.4934
0.5233 0.6958 0.5878
1.0925 0.4689 0.6853
0.9583 0.5147 0.8149
0.8190 0.5668 0.6365
0.4344 0.7400 0.6368
0.9975 0.5009 0.8879
1.2872 0.4097 0.8833
0.9591 0.5144 0.7452
0.7520 0.5938 0.7799
0.3231 0.7994 0.5995
1.0769 0.4740 0.5739
1.9070 0.2666 0.4680
0.7363 0.6003 0.5987
0.4891 0.7125 0.7628
1.4801 0.3585 0.9480
I~KewnesflKurtosis
0.0022
-0.1171
-0.1578
-0.0976
-0.1155
-0.0715
-0.1815
-0.2130
0.2154
-0.1765
-0.1384
-0.1626
-0.0183
-0.0506
0.0238
-0.1809
-0.0506
-0.0354
-0.0273
0.0727
-0.0571
0.0683
-0.0148
-0.0494
0.0784
-0.0821
0.1002
0.0979
-0.0099
-0.0051
0.1677
0.1075
-0.0324
0.7610
0.7500
0.6857
0.9282
0.9152
0.8421
0.9953
0.8757
1.2973
0.9432
0.8225
0.8074
0.7413
0.8886
0.7940
0.8094
0.6672
0.6855
1.2101
0.8031
0.9896
0.8523
1.3632
0.8662
0.7055
0.8257
0.8831
0.9831
0.7300
0.3986
0.8222
1.3907
0.7015
Yorktown SampleAnalvslS RSJ resuts-Sand ortlon
Date INumt>erLocationI aravel%sand %s18 I%clav %mud IMean IIMean MecIan Median ISortlna SkewnesKurtosis
(phi) (mm) (Ihi) (mm) (phI)
5 MAY 19943:1-_ !!§. 2.69 96I7 0.31. 0.22 0.5 1.0072 0.4975 1.2646 0.4162 0.7203 -0.3479 0.8348
5 MAY 1994.3-2 LHT 0.00 99.31 '0.69 0.00 0.7 1.5275 0.3469 1.5844 0.3335 0.6169 -0.1315 0.7841
5 MAY 19943-3 MB 26.56 72.87 0.56 0.00 0.6 0.4400 0.7371 0.3389 0.7906 0.6372 0.3536 1.2548
5MAY19943-4 TOE 25.76 73.72 0.52 0.00 0.5 0.7245 0.6052 0.6482 0.6381 0.7397 0.0962 1.2600
5MAY19943-5 OS 2.56 97.21 0.22 0.00 0.2 1.2703 0.4146 1.2803 0.4117 0.5927 0.0573 0.7253
5 MAY 19947-1 BOR 0.00 99.30 0.00 0.70 0.7 0.5849 0.6667 0.5610 0.6778 0.3577 0.0985 0.7819
5 MAY 19947-2 MB 6.20 93.10 0.00 0.70 0.7 0.7241 0.6054 0.6509 0.6369 0.5465 0.1824 0.7827
5 MAY 19947-3 TOE 10.50 88.60 0.00 0.80 0.8 0.5064 0.7040 0.4818 0.7161 0.5183 0.0907 1.0842
5 MAY 19947-4 OS 1.40 97.50 0.00 1.10 1.1 1.4468 0.3668 1.4252 0.3724 0.7269 0.1177 0.8320
5 MAY 1994 10-1 TR 10.45 89.22 0,33 0.00 0.3 1.4024 0.3783 1.3978 0.3795 0.5838 0.0823 0.6572
5 MAY 1994 10-2__ BERM 0.00 99.78 0.22 0.00 0.2 1.7420 0.2990 1.7253 0.3024 0.3736 0.1410 0.4353
5MAYJ4 .10-3 M._ __ ,H _90.98 ,OO 0.88 0.9 0.8440 0.5571 0.8333 0.5612 0.4169 0.0947 0.5927
5 MAY 1994 10-4 TOE 3.32 . 96.36 03 0.30 0.3 1.0273 0.4906 1.0462 0.4842 0.6670 0.2191 1.3852
AY199 10-5 Q§ .---.-- _0.00 _96.74 0.50 2.76 - 3.3 2.0286 0.2451 2.5744 0.1679 1.3511 -0.5205 0.6161
5 MAY 1994 13-1 BS 22.64 77.26 0.00 0.10 0.1 1.1722 0.4437 1.1460 0.4519 0.5278 0.2413 0.7989
5 MAY 1994JH-.._ .bttT. __1I 93.84--Q,QQ _1.68 _ _.1 _1.5138 0.3502 1.4494 0.3662 0.8920 0.1434 0.8371
AY 14 1__ M!3 .._ __g;MQ Jfl:27 ___Q,OO_Q.33 _ Q, HQ_ 0.5696 0.5909 0.6639 0.8711 0.3682 0.9290
MAY 1!i!4 1L_._ TQt; __ ___1g,QQ 6.9fl --Q,QQ __1,Q4__ 1,Q _.0.56Q1__ 0.6783 ? 0.7208 0.8524 0.3739 1.4084
5 MAY 1994 13-5 OS 2.76 95.66 0.79 0.79 1.6 1.4550 0.3648 1.4644 0.3624 0.8812 0.0550 0.6341
Yorktown IsamPleAi alvsls E resuts-SaM J:ortlon
Date Number Location % Qravel %Sand %Slll %Clav %mud IMean IIMean Median IMedian 50rtlnQ 5kewnes~1Kurtosis
(pnn (mm) (pnn (mm) (pnn
2 sep 1994 3-1 tSS ~.38 91.22 1.18 1.22 2.39 1.6343 0.3221 1.6572 0.3171 0.7691 0.0014 0.6975
2 Sep1994 3-2 LHT 10.12 89.60 "0.00 0.28 0.28 1.8755 0.2725 1.9040 0.2672 0.5770 -0.1014 0.5148
2 Sep1994 3-3 MD 0.00 99.98 0.00 0.02 0.02 1.5892 0.3324 1.6406 0.3207 0.6968 -0.1268 0.6508
2 Sep1994 3-4 TOE 51.62 48.30 0.09 0.00 0.09 1.0170 0.4941 0.9350 0.5230 0.8818 0.1560 0.9881
2 Sep1994 3-5 OS 6.35 92.99 0.57 0.09 0.66 1.4383 0.3690 1.4172 0.3744 0.6822 0.1223 0.7486
2 SeD1994 7-1 BERM 4.50 91.50 0.90 3.10 4.00 1.1749 0.4429 1.2116 0.4318 0.8054 -0.0385 0.8054
2 SeD1994 7-2 LHT 2.30 96.70 0.40 0.60 1.00 1.4567 0.3643 1.5588 0.3394 0.6583 -0.1865 0.5756
2 Sep1994 7-3 MB 0.40 98.50 0.00 1.10 1.10 1.3159 0.4017 1.2867 0.4099 0.6642 0.0643 0.6762
2 Sep1994 7-4 TOE 3.40 95.30 0.00 1.30 1.30 0.8283 0.5632 0.8862 0.5410 0.6827 -0.0524 0.8019
2 SeD1994 7-5 OS 1.20 87.80 4.20 6.80 11.00 1.4581 0.3640 1.4711 0.3607 0.6786 0.0278 0.7523
2 SeD1994 10-1 BERM 10.63 88.52 0.84 0.00 0.84 1.2631 0.4166 1.1575 0.4483 0.7789 0.2828 0.7380
2 SeD1994 10-2 LHT 3.19 95.32 0.84 0.65 1.48 1.6640 0.3156 1.7063 0.3064 0.8464 -0.0815 0.6392
gSep19~4 10-3 M~__ ~.31 ___95.051-~,QQ 1.63 1.63 2.0572 0.2403 2.1117 0.2314 0.7448 -0.0945 0.5369
g§~Q1~~410-4 TQ~ _ ___§:?! 93.29 Q.QQ_~:QQ _ 0.00 -1J393 0.4540 1.0248 0.4915 0.8933 0.1841 0.8114
2 SeD1994 10-5 OS 25.34 73.31 1.36 0.00 1.36 0.8638 0.5495 0.6785 0.6248 0.9712 0.3807 1.0003
2 SeQ1~~413-L_ ~§ 1,?Q_J!?,841-~,78 ~.OO __ _Q}8 _.1.0643 0.4782 1.0071 0.4975 0.6424 0.2303 0.6956
2 Sep.1~941.~ !:'IiT _0.00 _.100.00__Q,OO ~.OO Q.OO-.1J01g _ 0.4661 1.0331 0.4887 0.5672 0.2681 0.7130
~SeQJ~~413-3_ M~_ _ __.Q.OO . 99,54~,OO ~4~_ .0.46 1.5005 0.3534 1.4129 0.3756 0.6402 0.2582 0.6193
~§!!Q1~~413-4__ TQ~___ _ H,I? __85,~1__~,QQ ..~.OO _ Q.oo_.Q,~09Q_ 0.5324 0.]485 0.5952 0.7529 0.4412 0.9227
2SeD199413-5 OS 10.88 87.66 1.46 0.00 1.46 2.5511 0.1706 2.7324 0.1505 0.8850 -0.2609 0.5313
IYorktown ISamPleAI alYSIS H::i resuts-::iana~ortlon
IDate EumDer ILocation % aravel %sana %silt %clay %mua IMean IIMean Me Ian Meaian sortino Skewnes~Kurtosis
(phi) (mm) Ihi) (mm) (phI)
16May19953-1 11j::i 14.36 84.09 0.73 0.81 1.5 1.2470 0.4213 1.2678 0.4153 0.4709 -0.0600 0.5602
16May19953-2 LHT 21.91 77.37 ""0.72 0.00 0.71.08010.47301.08340.47190.85680.13911.2759
16MavJ 995 3-3 MB 7.01 90.02 2.61 0.36 3.0 1.2970 0.4070 1.3200 0.4005 0.7353 -0.0066 0.7266
16May19953-4 TOE 44.16 54.37 0.42 1.05 1.5 1.4854 0.3571 1.5103 0.3510 0.8193 -0.0314 0.6877
16MaY19953-5 OS 25.40 71.27 2.11 1.22 3.31.50850.35151.43010.37110.66150.20260.6988
16May19957-1 BS 1.60 96.50 0.30 1.60 1.9 1.4632 0.3627 1.4877 0.3566 0.6013 -0.0381 0.6715
16May19957-2 LHT 0.90 98.60 0.00 0.50 0.5 1.1869 0.4392 1.2015 0.4348 0.5515 -0.1229 0.7133
16May19957-3 MB 3.80 95.40 0.60 0.20 0.8 0.8942 0.5380 0.9105 0.5320 0.6427 0.0455 0.8031
16MavJ995l:.4 TOE _ 5.50__93.30--.!!,10 1.10 1.2 0.8638 0.5495 0.9011 0.5355 0.6319 -0.0995 0.8459
!~MavJ9957-5 OS 3.10 92.40--.!!:90 3.70 4.6 1.6170 0.3260 1.5605 0.3390 0.6074 0.1313 0.6029
16May199510-1 BS 6.00 93.43 0.00 0.57 0.6 1.2811 0.4115 1.2421 0.4228 0.8794 0.1584 0.9068
16May199510-2 LHT 3.23 96.20 0.36 0.20 0.6 1.0641 0.4783 0.8516 0.5542 0.6899 0.5618 0.9017
16Mav199§10-3 MB 5.89_ 93.47 0,00-.!!.64 1--_ 0.6-1.4583 0.3639 1.3872 0.3823 0.9077 0.1334 0.6013
1§M~Y19~?10-4_ TOE ___g~}1 69,54 __g,~?_Q:?~L_ _ 3.8 _1.350Q 0.3923 1.1152 0.4616 0.9789 0.3303 0.7586
16May199510-5 OS 0.00 97.01 0.00 2.99 3.0 2.8138 0.1422 3.0361 0.1219 0.7475 -0.5010 0.4909
!§'M~ 1~951~:L___ ~§ __ ___Q,QQ ~~:63 Q,~Q_ Q.46 _ 1:1 ~889g _Q,5399 ~,ZE7 0.5833 0.6135 0.4151__ 0.953Q
16MavJ99§1~__b..I:!L__ _~QQ 99.27 0.53-.!!,20 f--__ 0.7 1.3294 0.3979 1.2943 0.4077 0.5903 0.1540 0.7128
16MavJ!i!95!~_ M!L_ 7.98 90.61 _ 0.20 1.20 1.4 1.6811 0.3118 1.7426 0.2988 0.8508 -0.0485 0.5789
16MayJ99§ !~__.TQ!L 12.59 86.84 0.00 0.57 0.6 1.1803 0.4413 1.1317 0.4564 0.7413 0.1617 0.8269
16May199513-5 OS 1.78 95.26 2.02 0.93 3.0 1.9532 0.2582 2.0839 0.2359 0.8503 -0.2089 0.5117
orktown
Date
I Sample AnalysIs
ayI Number I Location 11%Qravel
18Dee19953-1 BS 0.00 99.72 0.00 0.28
18Dee19953-2 LHT 0.00 99.04 1>.12 0.84
18Dee19953-3 MB 49.79 49.71 0.00 0.50
18Dee19953-4 TOE 58.39 41.61 0.00 0.00
18Dee19953-5 OS 46.78 52.28 0.00 0.94
18Dee19957-1 BS 7.23 91.87 0.00 0.90
18Dee19957-2 LHT 16.51 83.39 0.09 0.00
18Dee19957-3 MB 5.38 93.99 0.00 0.64
18Dee19957-4 TOE 9.47 90.53 0.00 0.00
18Dee19957-5 OS 20.55 79.03 0.00 0.42
18Dee199510-1 BS 7.46 91.48 0.00 1.07
18Dee199510-2 LHT 0.00 98.95 1.05 0.00
18Dee1995 10-3 MB. 0.00 97.31 2.57 0.12
1!!Dee1~~~1~ TQ!;. _ --1Q:57 _ 83.62_§.80 0.00
18Dee199510-5 OS 0.00 94.88 5.12 0.00
l!!Qee 1~~§l~~L ~§__ .. Q.Q9 ~§,1~ 4.~4_Q:QQ._
1~Dee1~~§1~ bHT _ _~:QQ _.99.10_~,OO 0.90
18Dee1995J3-3 .M!! ~.56__ 95.16 0,00 0.28.____
18Dee199513-4 TOE 16.91. 82.63 0.00 0.46
18Dee199513-5 OS 0.00 99.44 0.00 0.56
IRS}!resuts- sand~ortlon
IIMean IIMean IMe an Median sortnl!1 ISkewnesaKurtosls
(phil (mm) (~Ihil (mm) (phil
1.6722 0.3138 1.6567 0.3172 0.3778
1.3290 0.3980 1.3483 0.3928 0.3729
1.1040 0.4652 1.1825 0.4406 0.8511
1.0819 0.4724 1.0551 0.4813 1.0307
1.3862 0.3826 1.3571 0.3904 0.7730
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.64701 0.3193 1.6016 0.3295 0.8105T 0.16751 0.7387
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
._1.0000__ _LOOQQ..__
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
1.0000 1.0000
%muC!
0~3
1.0
0.5
0.0
0.9
0.9
!U
0.6
0.0
0.4
1.J
.u
2.7
5.8
g
~,~.---
0.9
0.3
0.5
0.6
0.2067
-0.0209
-0.0397
0.1186
0.1691
0.4955
0.4405
0.7855
0.8570
0.8367
-
IYorktown
IDate I I I SampleAnalysisINumber ILocation1%Qravel %sand %silt I%clav %mu
13May19963-1 BS 9.13 90.65 0.21 O~(}O 0.2
13May19963-2 LHT 0.00 __ 98.94 0.00 1.06 1.1
13May19963-3 MB 2.88 95.55 0.?4 0.83 1.6
13Mav19963-4 TOE 40.48 58.15 0.41 0.95 1.4
13Mav19963-5 OS 2.79 97.21 0.00 0.00 0.0
13Mav19967-1 BS 0.00 99.44 0.00 0.56 0.6
13Mav19967-2 LHT 8.40 90.17 0.23 1.20 1.4
13Mav19967-3 MB 53.90 45.37 0.00 0.73 0.7
13May19967-4 TOE 28.44 71.03 0.53 0.00 0.5
13May19967-5 OS 0.00 43.30 9.23 47.47 56.7
13Mav199610-1 BS 0.00 9§.66 4.34 0.00 4.3
13Mav199610-2 LHT 19.51 80.22 0.00 0.27 0.3
13May199610-3 MB 13.09 86.18 0.55 0.18 0.7
1~May1~~~10-4_ TO~ __ ___~~?___~~Q§__~.06 __~g___3.0
13Mav199610-5 OS 0.00 99.98 0.00 0.02 0.0
1~M~Y1~~~13-1___~§ ___ Q,QQ ~~,2~ Q,22__Q,§§__ 1,~
13M~ 199§13-2 __ b.HT__ ___0.00 _~~1Q 0.00~60 __ 0.6
1~M~Y199§1~:~_M~ _ __ J4~~ _~;h~2~,~1 ~QQ__ 0.8
13MayJ996 p-4__J:OE 12.95 86.49 0.38 0.18 !!&
13Mav199613-5 OS 0.00 99.55 0.00 0.45 0.5
IIMean I~
I (phi) II (mm)
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
-
~kewnes~:mm:osIS
-
.
'\
,.-
--
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